the protein belongs to the group I AQPs.
Interestingly, genome projects have revealed many AQP-like sequences with low homologies (less than 20%) to the class I and II AQPs especially around the NPA boxes (7) (8) (9) , which may not belong to the AQP family with different loop sequences including the NPA box. Such low homologies will indicate that they do not transport water and that they belong to an AQP supergene family. Accordingly, we named them 'superaquaporins' indicating their properties of supergenes (7) . However, we now realized that 'super' suggests functional superiority as is the case with superantigen and one of them in fact has been shown to function as a water channel (10) , suggesting that they indeed are members of the AQP family. Therefore, we now believe that 'the group III AQP' is a more appropriate naming than 'superaquaporin' and will be used in this review. Although the sequences of the loops including the NPA box of the group III AQPs are highly variable, a cysteine residue downstream of the second NPA box is completely conserved (Fig. 1 ). This cysteine is expected to be located at the extracellular loop between 5th and 6th transmembrane domains near the pore and will be important for channel function. In fact, its mutation in AQP11 produced a similar phenotype with AQP11 null mice (11) . Therefore, this cysteine will establish the authenticity and independency of the group III AQPs and should be the signature sequence for this group. Accordingly, plant SIPs, short intrinsic basic proteins, previously included in superaquaporin subfamily (7) (8) (9) are now excluded from the group III AQPs because this signature cysteine residue is missing in all SIPs. They will belong to the group I AQPs as D is absent in the second NPA box (Fig. 1) . In fact, overall sequences of SIPs are closer to the group I than the group III AQPs.
Although more and more AQP-like sequences with variations of 'NPA' at the NPA box have been identified particularly in unicellular micro-organisms, they all belong to the group I or II AQPs because the sequences around the NPA box are similar to the group I and II AQPs and the signature cysteine residue is absent. For example, an AQP of Dictyostelium discoideum has a highly deviated 'APN' in the second 'NPA' box (D.disD in Fig. 1 ), but the signature-like cysteine residue after the second NPA is deviated and the sequence around the first NPA box is similar to those of the group I or II AQPs. Accordingly, this AQP should not belong to the group III AQPs but belong to the group I AQPs as the signature residue (D) of the group II AQPs is absent following the second NPA box.
Here we propose a simple method for classifying AQPs into three groups based on the primary sequences without using overall homology analyses. First, identify the second NPA box and search for an aspartic acid residue (D) at two residues downstream of the second NPA box. If there is a D at the right site, the protein will be a group II AQP. If not, then search for the cysteine residue (C) at the ninth residue downstream of the second NPA box. If there is C at the right site and the loops including the NPA box are less conserved, the protein will be a group III AQP. If there is no C at the right site and the loops including the NPA box are well conserved, the protein will be a group I AQP (Table 1) .
FUNCTIONAL ROLES OF THE GROUP III AQP
As the primary structure of each AQP group is distinct, each may have a specific function and a physiological role. Current knowledge on the function of each group is summarized in Table 2 . There are several overlaps and unknowns making it difficult to determine the characteristics of each group. In the near future, the functional bases for this classification will be clarified by the accumulation of more data.
The absence of water channel activity in Xenopus oocytes expressing AQP11 was reported (12) , although we found poor expressions of AQP11 at the plasma membrane (13) . In contrast, a recent reconstruction vesicle study clearly showed that AQP11 is indeed a water channel which transports water as efficient as AQP1 (10) . Whether AQP11 also functions as a water channel inside the cell is not clear and requires further studies. Moreover, the permeability of glycerol and other substrates is unknown and no functional data other than AQP11 has yet been reported in this group.
AQP11 is widely expressed in many cells including proximal tubular cells, hepatocytes, intestinal epithelial cells, neurons, and spermatids (12) (13) (14) . However, AQP11 disruption only affected the kidney leading to uremic death from polycystic kidneys with unknown mechanisms (13) . Interestingly, before developing the cysts, the proximal tubules accumulated huge intracellular vacuoles, which have not been observed in other cystic kidney diseases. The vacuoles were also observed in hepatocytes close to portal veins and intestinal epithelial cells near the tip of the villi where water is massively absorbed (13) . How can a defective water transport inside the cell lead to the vacuole formation as AQP11 is expressed intracellularly (12) (13) (14) and functions as a water channel (10)? Currently, little is known about the movement of intracellular water although its importance in cell biology has been speculated. In fact primary cultured proximal tubular cells from AQP11 null mice had a defective endosomal pH regulation (13) , which may parallel the Big Brain (bib) defect in Drosophila accumulating cytoplasmic endosomes (15) . The mechanism for the endosomal dysfunction remains to be clarified.
EMERGING PROPERTIES OF INTRACEL-LULAR AQPS
Although most AQPs are localized at the plasma membrane, some have been shown to be present inside the cell. In plants, most TIPs are present at intracellular vacuoles, tonoplasts, while SIPs and some NIPs have been shown to be localized at the endoplasmic reticulum (ER) (16) (17) (18) . Therefore, intracellular AQPs are not unusual in plants. On the other hand, intracellular AQPs are relatively rare and not well characterized in animals. In insects, bib has been shown to be localized at endosomes to regulate Notch signalings by modulating endosome maturation, trafficking, and acidification (15) . In mammals, AQP8 and AQP9 were reported to be localized at mitochondria (19, 20) . AQP1 and AQP6 were also shown to be localized at exocrine vesicles and synaptic vesicles, respectively (21, 22) . These results, however, require further confirmations since different results have also been reported (23) . AQP10 was also shown to be localized at intracellular vesicles of enterochromaffin cells in human although its role in these cells is unclear (24) . As mentioned above, AQP11 was reported to be localized inside the cell in the kidney, brain and testis (12) (13) (14) . AQP12, another member of the group III AQPs was also intracellularly localized when expressed at a fibroblast cell line although its exact localization in the pancreas remains to be clarified (25) .
What is the role of intracellular AQPs? Their physiological significance in water transport is debated as intracellular organelles are so small that surface-to-volume ratios may be large enough to facilitate water movement without water channels. In plants, very abundant AQPs (TIPs) are present at vacuoles (tonoplasts), where more than 10% of membrane proteins are TIPs (26) . TIPs may enable tonoplasts to transport water freely inside the cell where one or several vacuoles occupy more than 30 to 90% of the cell volume. Alternatively, as TIPs also transport ammonia and H2O2, they may be needed for decomposition, a breakdown of dead organisms or storing substrates in the tonoplast (27) . TIP null plants, however, revealed no abnormalities under optimal growth conditions (28) . The result may indicate that TIP is not essential for plants or that some members of TIP family may redundantly transport water across the tonoplast. In animals, the role of intracellular AQPs is not clear as gene disruption studies showed no functionally significant water channels in mitochondria (23) . Only AQP11 disruption in mice revealed endosomal pH dysregulation (13) . Possible roles of AQPs in intracellular water movement (8) and in the mitochondrial function (29) were recently reviewed.
PERSPECTIVES
Faced with arrays of AQP functions, we need a guide for sorting out these functions. We have proposed a classification of AQPs into three groups based on primary structures, which may also reflect evolution of AQPs. As this classification primarily depends on the pore-forming sequences of the second NPA box, it may also reflect permeating substrates, thus channel functions of AQPs. With accumulation of more members through genome projects, further divisions will be necessary, especially in the group III AQPs as their homologies with each other are relatively low. This classification will be useful to speculate functions of AQP-like sequences as each group may have specific characteristics in its function, distribution and regulation.
